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. Introduction
No remarkable difference of properties between electron and muon, except their large mass difference, has yet been discovered experimentally. In spite of suggestion that the large mass difference would come from the different internal structures of electron and muon, we Gould not get any definite conclusion from the present available experimental data.
)
Concerning the origin of their mass-difference itself, many possibilities have been presented up to now. Schwinger,2) for instance, has raised the possibility of explaining the high muon mass through a strong interaction of this particle with an unobserved iso-singlet ()-meson. Similar ideas have been repeated by other authors. 3 ) ,4) Recently, Marx and N agy5) assumed that the muon has a moderate strong interaction with the kaon doublet, realizing then the muon mass from the electron's. Since there would be no way of detecting this new particle or coupling, they might be equivalent to the introduction of a different structure of the muon from that of the electron.
A possibility that the electron mass has some electromagnetic origin has also been considered frequently. It is well known that we cannot explain the whole masses of fermions entirely by the field reaction of their minimal interactions with the electromagnetic field, as the basic equation of the particles is invariant under the Touschek's transformation.
The only possibility is to introduce some violation term under this transformation. An explanation of the electron mass has already been presented by us and Taketani.
The interaction term thus introduced would make the system unrenormalizable, because it should have a coupling constant with the dimensions of length. ***8) An advantage of introducing the unrenormalizable * A preliminary account of this paper has been presented in the Bahia Meeting of the Brazilian Society for Advancement of Science (SBPC), July 1959. ** Present address: Research Institute for Fundamental Physics, Kyoto University, Kyoto, JAPAN. *** We take natural units: h=c=l, and 1 y (yukawa) =10-13 em.
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interaction is that. it may give a sufficiently large effect of the high-energy region w here the internal structure of the particle reveals itself. 9) The rea~tive mass, then, is given by
where f is the coupling constant of the unrenormalized interaction with the dimension of [L'lJ (~> 0) and A is the cutoff energy. Therefore, we have a possibility of explaining the electron and muon masses through this interaction by suitably adjusting their internal structures.
There luay be some evidence for believing the existence of such unrenorma· lizable interaction. The present discrepancies between the theoretical value of the anomalous magnetic moment and the experimental value are* for electron, (1·2) If we take a universal (local) interaction for electron and muon, the difference between both particles could come only from their different internal structures, which reveal themselves through the non-locality of the above interactions. Then our aim is to analyse the form factors through the interactions** * The experimental values for the electron magnetic moment are ,u~!~ = 1.001146±0.000012, 1.001165±0.00001l, 1.001167 ±0.000005 10 ) in electron Bohr magneton. For the muon we quote the result of the determination of Garwin et al.,ll) ,u~';~ = 1.0020±0.0005
in muon Bohr magneton. The theoretical value of Sommerfield 12 ) up to fourth order is '.
in connection with the electron and muon masses. As a consistent non-local field theory has not yet been established, our analysis is to be taken tentatively.
In § 2 we get the general restrictions of the form factors so as to realize a positive reactive mass for the electron (or muon). The discussions rest on the second-order perturbation theory. Then, in § 3 we consider the problem of realizing the electron and muon masses and raise some possible examples for the form factors. § 2. Electromagnetic self~mass and the general restrictions on the form factors
By calculating the second-order self-mass, we get the result that only the mixed vertices (minimal and Pauli interactions) do contribute in the limit of a zero lepton bare mass. Then, in the assumption of a zero bare mass, we obtain the following expression for the self-mass am:
In order to get a finite self-mass, the form factors must be complex functions so as to cancel the divergent integrals, the simplest structures being
, M2
where the spectral functions must become zero at the limit M2~ co ,
The first requirement which corresponds to the well-known Feynman cutoff14) may destroy the usual concept of an hermitian hamiltonian. But without this requirement, we get a quadratic divergent result regardless of the shape of form factors used. The second one means that we have not a a-like charge at the center of the particle.
Using the spectral representation· (2·3), we have am=--L~~J~ 4=2· (10-2-"10-3)~, IC~O,
Then the details and the differences of the internal structures are reduced to the functional Li.
Since the self-mass must be positive from our standpoint of a zero bare mass, the quantity Li must be negative (positive) in accordance with IC>O (IC<O). As the present experimental data are not definite enough to determine the sign of the discrepancy IC, we must consider both possibilities. ii) Case of IC> O. This case may be the more probable one, but we cannot get a positive self-mass without the assumption that at least one of the form factors is indefinite in sign. Since the argument is symmetric for both form factors, we restrict one of the form factors, say g2 (M2) , to be positive definite for all M2.
Then the other form factor must have the following form: On the contrary, if the m.s.r. < r12) is negative, though it is less probable, we can imagine that the negative part should be predominant at the low mass value and the positive part might play an important role for the moderate mass values
for moderate values of M2.
On the other hand, as the behavior of this spectral function for very large values of M2 might determine the function iI, (2·6) could be approximated by
where .11 2 is the effective mass value which comes from the form factor g2 (..fIv1:2). Then, in order to get the right sign for the self-mass, the spectral function gl (M2) should be (2 ·14) With this requirement, we get
.112 .
which can determine the lower limit of the strength of the form factor at high energy:15) (3·1)
Though there may be many different possibilities of constructing independent models for the electron and muon, the discussions are hereafter restricted to the cases with some similarity in both particles' structures.
The simplest case of this kind is the one in which the structures of both particles can be related with each other by a scale transformation
We then get the relations from (2·10) and (2·6). If we take IC as universal, we must have A~200 in order to get the electron-muon mass difference. This means that the m.s.r. of the electron is far larger than that of the muon, similar to the classical situation.
If we take the assumption of (2·7) for the case of IC < 0, the m.s.r. of the electron must be with the approximation 
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2.0 
Although the larger m.s.r. of the electron than the muon's one is not inconsistent with the present information, we should also consider the possibility of assuming the different internal features for the structures with the fixed m.s.r.'s (including the case of <r2)(e)~<r2)(fo») and general shape. We illustrate an example for the case of IC> O. (3 ·13) (3 ·14) F or the first case, the assumption of a(i) ~ [3 (i) is taken so as' to' get a unique solution, while the assumption of a(e)~a(l") made in the second case does not give a unIque answer. The larger the value of a is, the smaller the corresponding values of (9(p.) Fig. 4 is simllar' for both particles except for the extremely internal parts. The decision will be given by future experiments up to the region of O.ly.
. , § 4. Discussions and conclusions .
The considerations here presented depend on future information concerning the lepton structures. At present, we know neither of the value of the m.s.r. nor of the difference between the theoretical and experimental values of the anomalous magnetic moments. Since the arguments sensitively depend on these data, we tentatively consider every possible general case, i.e. the cases in which the m.s.r. would be positive and negative and the discrepancy of the anomalous moment would also be positive and negative. But the main effort was concentrated in the case of a positive m.s.r. and Pe:cp-Ptheor > 0, because it seemed most probable from the data now available.
If we accept this case, it is reasonable to presume that the internal structure has, near the center, a behavior opposite to the one which is shown in the outer region. For instance, the charge distribution near the center turns out to be negative, which is very similar to the electromagnetic structure of the nucleon proposed elsewhere. 15 ) While the electron mass could be explained by the reasonable value of the m.s.r. (r2)""", (0.ly)2, the explanation of muon mass is still curious from this argument. Though we could explain it by assuming a strong form factor, why this should be the case is still an open question. Much more information about the muon structure should be accumulated, until we can get a definite conclusion.
We started with the assumption of the existence of the discrepancy Pup -Ptheon but we could also take the unrenormalizable interaction for the case PUP = Ptheor' However, the answer will then be less reliable, so we omitted to consider about this case. If the spreading of the leptons could come from the weak interactions, the electromagnetic interaction would also be singular as the weak interactions
Concerning the phenomenological aspect of the lepton structure, some knowledge of it will be obtained from high energy data. With the development of the experimental techniques, it is to be expected that the scattering experiments of identical leptons, for instance, will reveal their structures, avoiding the type of inconveniences involved, e. g. in the Stanford experiment, where it is difficult to separate the structure effects due to either nucleon or electron.
